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1Programme News
The COAPEC programme is now two years into its 
five year life-span as a Natural Environment Research 
Council thematic programme. The programme’s main 
aim is to determine the impact on climate, especially 
European climate, of the coupling between the atmos-
phere and the ocean.
COAPEC has so far funded 2 rounds of projects, 
with a total of 16 projects supported, including 2 tied 
studentships, as well as 12 stand-alone studentships. 
Applications for the third round of funding are cur-
rently under review and should be known in April next 
year. The third round of funding includes a dedicated 
call for projects addressing “User Driven Science”, 
one of the key objectives of the COAPEC programme. 
This round also includes recently released funding 
from the NERC for “New Observations in Support 
of COAPEC”. This will add a new dimension to the 
projects already funded.
The programme is unique in that the science is sup-
ported by a core team of four scientists, three of 
whom, Bablu Sinha, Mat Collins and Pierre-Phillipe 
Mathieu have been working on the programme since 
April 2000. The fourth member, Alan Iwi (Ruther-
ford Appleton Laboratory) started at the beginning of 
October and will support porting coupled models to a 
range of platforms.
This first newsletter includes contributions from each 
of the established core team members (although much 
of the work is collaborative) as well as some early 
results from three of the projects funded in the first 
round of funded projects.
Propagating Salinity Anomalies in the 
North Atlantic Sub-Polar Gyre in the 
HADCM3 Coupled Climate Model
Martin Wadley (M.Wadley@uea.ac.uk) and 
Grant Bigg, UEA, Norwich
Bill Turrell, Marine Laboratory Aberdeen
Salinity anomalies have been observed to propagate 
around the North Atlantic sub-polar gyre (Belkin et 
al., 1998), the best documented being the “Great 
Salinity Anomaly” (GSA) (Dickson et al., 1988). 
The GSA propagated from Fram Strait to the Den-
mark Strait via the East Greenland Current, around 
the North Atlantic sub-polar gyre and returned to the 
Nordic Seas via the Farœ-Shetland Channel some 15 
years later.
It can be seen in Figure 1 that several surface salinity 
anomalies propagate around at least part of the sub-
polar gyre as represented in HadCM3. The black line 
shows an negative anomaly that propagates around 
the entire gyre, over a period of 13 years, in good 
agreement with the observed propagation speed of the 
GSA.
The HADCM3 integration will be used to elucidate 
the causes of these salinity anomalies, and their 
impact on European climate through interactions and 
feedbacks with the atmosphere.
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SALINITY ANOMALY
Figure 1. Hovmöller diagram, showing local monthly anoma-
lies of surface salinity at 25 points around the sub-polar gyre 
in the control integration of the HADCM3 coupled climate 
model, for the years 179-278.
http://coapec.nerc.ac.uk
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Improving Global Heat Exchange 
Climatologies
Jeremy Grist (jyg@soc.soton.ac.uk) and 
Simon Josey, Southampton Oceanography Centre
A common problem in global climatologies of the 
heat exchange has been an inability to close the ocean 
heat budget. For example, the global net heat flux for 
the Southampton Oceanography Centre (SOC) clima-
tology is 30 Wm-2. As part of a COAPEC project 
being carried out at the SOC, we are producing a bal-
anced climatology using linear inverse analysis tech-
niques. Individual components of the surface heat 
flux are adjusted to produce a balanced climatology 
with WOCE hydrographic measurements of ocean 
heat transport as constraints.
The adjustment we see in the preliminary results 
(Figure 2) is achieved by approximately a 10% 
increase in latent heat flux, a 10% decrease in the 
shortwave flux and smaller changes to the other com-
ponents.
The adjusted net heat flux falls within the range 
implied by hydrographic measurements in all regions, 
with the exception of 24˚N - 60˚N in the Atlantic. 
Ongoing work within the COAPEC project will seek 
to resolve this issue by including various mechanisms 
for regional biases into the framing of the inverse 
problem.
Atmospheric and Oceanic Heat Trans-
port in HadCM3
Len Shaffrey (L.C.Shaffrey@reading.ac.uk), 
CGAM, Reading
A fundamental feature of the climate system is that 
it works like a heat engine, transporting energy from 
the equator to the poles. Considering how the atmos-
pheric and oceanic energy transports co-vary may 
provide useful insights into the mechanisms of atmos-
phere and ocean coupling.
Figure 3 shows two time-series of the annual mean 
meridional energy transport for the subtropical atmos-
phere and the mid-latitude Atlantic Ocean in HadCM3, 
the Hadley Centre’s coupled climate model. The two 
time series are modestly but significantly anticorre-
lated, with a cross correlation coefficient of -0.49, 
which is an indication that weaker than usual Atlantic 
ocean energy transports in the model are compensated 
for by stronger atmospheric energy transports. This 
compensation is related to the position and strength of 
the Gulf Stream.
How Far Ahead Could We Predict El 
Niño?
Mat Collins (mat@met.reading.ac.uk),
COAPEC core team, CGAM Reading.
The upper limit of the predictability of El Niño has 
been examined using ensembles of simulations of the 
Hadley Centre coupled ocean-atmosphere global cir-
culation model, which has a relatively realistic El 
Niño cycle.
By making small perturbations to the initial condi-
tions and measuring the rate of divergence of nearby 
trajectories, it is found that, given a perfect model 
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Figure 2. Net heat flux of the adjusted SOC climatology 
(above, positive values imply heat gain by the ocean) and the 
difference between the adjusted and the original climatology 
flux (below).
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Figure 3. Solid red line: Annual mean atmospheric energy 
transport averaged between 10˚N and 40˚N. Solid blue line: 
Annual mean Atlantic Ocean energy transport averaged 
between 45˚N and 60˚N.
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and near perfect initial conditions, El Niño could be 
usefully predicted, on average, up to 8 months in 
advance. In this instance, “useful’’ is defined for a 
forecast with an anomaly correlation coefficient of 
greater than 0.6.
In Figure 4 we show two measures of the potential 
predictability of ENSO: anomaly correlation coeffi-
cient (ACC) and root mean squared error (RMSE).
This method can also be used to look at potential pre-
dictability of other aspects of the climate system.
Decadal Predictability of the North 
Atlantic THC
Bablu Sinha (bs@soc.soton.ac.uk), COAPEC 
core team, Southampton Oceanography Centre.
The “perfect model” approach described in the previ-
ous article has also been used to investigate the poten-
tial predictability of the North Atlantic Thermohaline 
Circulation (THC). This study also addresses the 
causes of North Atlantic THC variability on decadal - 
multi-decadal timescales.
Two ensembles of four simulations each were started 
at years 2080 and 2122 of the HadCM3 control run. A 
different, small perturbation was applied to the initial 
atmospheric fields of each member of the ensembles 
so that the simulations diverged in time.
The mean overturning stream-function (Figure 5) 
shows that the dominant overturning cell, North Atlan-
tic Deep Water (NADW) production, attains a maxi-
mum of ~20 Sv near 45˚N and 700 m depth with deep 
convection to ~2500 m depth at about 65˚N. There is 
also a weaker (~8 Sv) cell (Antarctic Bottom Water) 
with its maximum at 20˚N and ~4000 m depth.
Time series of maximum overturning (Figure 6) show 
that the NADW cell fluctuates in strength between 
17 and 22 Sv over this period. The high-frequency 
(<10yr period) part of the overturning is difficult to 
predict, with the ensemble variance becoming com-
parable to the climatological variance in less than 5 
years. These high frequency fluctuations are likely 
to be related to windstress variations (see Dong & 
Sutton, 2001). The low frequency component is rela-
tively predictable, as seen in the low pass filtered time 
series.
Composite plots of the difference between sea surface 
temperatures and salinities averaged over weak and 
strong THC states (Figure 7) show weak overturning 
is associated with cooler fresher surface water in the 
Greenland Sea and warmer saltier surface water in 
the Irminger Sea. Anomalies reach a maximum of 
~1˚C and 1 psu. The salinity is more important than 
temperature in determining density in these regions. 
Weak overturning is also associated with cooler sur-
face temperatures (again up to 1˚C) in the central 
North Atlantic.
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Figure 6. Maximum North Atlantic overturning from the 
HadCM3 control run unfiltered (left) and filtered with a 7 
year running mean (right).
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Figure 4. The average anomaly correlation coefficient (ACC-
above) and root mean squared error (RMSE-below) com-
puted for a large number of HadCM3 ensemble experiments 
(solid black line). Red line is the ACC computed for a persist-
ence forecast and the blue line is the climatological RMSE. 
Dots indicate statistical significance at greater that the 5% 
level for an ACC greater than zero or an RMSE greater or 
less than the climatological variability.
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Figure 5. The 120 year (2080 - 2200) mean overturning 
stream-function of the HadCM3 control run (positive values 
indicate clockwise flow).
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From the time series of difference between overturn-
ing streamfunction from member “a” of ensemble#1 
and the control simulation, we also find that changes 
in the overturning streamfunction propagate south-
ward from the region of deep convection at a speed of 
~2.2 cm s-1.
Work is also under way to assess the impact of natural 
variations in THC strength on European Climate.
Dong and Sutton, R.T.S., 2001, The dominant mechanisms of 
variability in Atlantic ocean heat transport in a coupled 
ocean-atmosphere GCM, GRL, 28, 2445-2448.
The Role of the Extra-Tropical Ocean
Pierre-Phillipe Mathieu (mathieu@met.reading.ac.uk), 
COAPEC core team,CGAM,Reading.
The role of the extra-tropical ocean in variability of 
the European climate has been examined by use of 
a climate model of intermediate complexity, which 
includes the Hadley Centre Atmosphere model cou-
pled with a simple constant mixed layer ocean model 
(slab model).
Such a model configuration enables us to study the 
response of the atmosphere to fluctuations in the 
ocean heat transport. Indeed, by altering the ocean 
heat flux convergence (OHFC) term in the slab model, 
one can assess the atmospheric response to ocean 
anomalies without using the, perhaps rather unphysi-
cal, boundary condition of prescribed SSTs.
This schematic (Figure 8) shows how the OHFC forc-
ing generates an anomalous air-sea flux exchange in 
the form of enhanced evaporation. Convergence in 
the atmosphere of this flux is associated with sensi-
ble and latent heating. The steady linear response to 
the heating is a low downstream, which tilts westward 
with height.
The anomalous low level circulation balances the 
heating over the forcing region and also contributes 
to the formation of a SST anomaly downstream. The 
changes in the time mean tropospheric structure lead 
to small changes in the transient eddies which, per-
haps surprisingly, have little effect on the mean flow.
As summarised above, Sutton & Mathieu (2001) have 
shown that the atmospheric response is in line with 
the simple linear theory of the steady response to low 
level heating in the extratropics. Perhaps more impor-
tantly however, the anomalous SST is not collocated 
with the OHFC forcing, nor with the anomalous sur-
face heat flux. This implies that addressing the ques-
tion “What is the role of the extratropical ocean 
in climate variability?” is not equivalent to answer-
ing the question “What is the atmospheric response 
to SST anomalies?” as assumed by traditional stud-
ies. Furthermore, the anomalous ocean heat transport 
implied by the OHFC forcing is largely balanced by 
horizontal atmospheric heat transport and not by a 
readjustment at the top of the atmosphere, which is in 
line with the Bjerknes compensation hypothesis.
Sutton, R.T.S and P-P. Mathieu, 2001, Response of the atmos-
phere-ocean mixed layer system to anomalous ocean heat 
flux convergence, QJRMS, (accepted for publication).
Notes from the Editor
If you have comments on the newsletter, or contribu-
tions for further editions, then please send them to 
me, the Science Coordinator :
Helen Snaith,
254/33 Southampton Oceanography Centre
European Way, Southampton, SO14 3ZH
email: h.snaith@soc.soton.ac.uk
tel: +44 (0)23 8059 6410
fax: +44 (0)23 8059 6400
For any further information on the COAPEC pro-
gramme, also contact me, or check the COAPEC web 
site:
http://coapec.nerc.ac.uk
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Figure 7. Composite plots of the difference between sea sur-
face temperatures (left- units ˚C) and salinities (right - units 
psu) averaged over weak (<19 Sv) and strong (>20.5 Sv) 
THC states. 
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Figure 8. Schematic illustrating the response of the ocean-
atmosphere mixed layer system to an anomaly in Ocean Heat 
Flux Convergence (OHFC)..
